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(54) Cell layout witfi concurrent sector and time slot selection 

(57) In a radio communication system repeatedly 
using the same frequency, each base station and termi- 
nal station have directional antennas respectively, and a 
fc>ase station has direction-determining patterns for set- 
ting a direction of an antenna according to a timing, the 
adjacent base stations each using the same frequency 
use different direction-determining patterns from each 
other, and remote base stations repeatedly use the 
same direction-determining patterns. The direction- 
determining pattern has a correlation between a timing 
obtained by equally dividing a frame for a communica- 
tion line by a number of direction-determining patterns 
and each antenna direction, and a communication slot 
is allocated based on a timing decided according to the 
table to a communication line with a terminal station 
positioned at a particular direction. 
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Description 

FIELD OF THE INVEMTION 

[0001] The present invention relates to a sector s 
antenna as well as to antenna control in a radio commu- 
nication system. More particularly, it is an object of the 
present invention to reduce the interference in the same 
frequency by correlating a direction of an antenna to an 
allocated slot position based on a TDMA system used io 
as a multiple access system. 

BACKGROUND OF THE INVENTION 

[0002] Rg. 14 shows a cellular structure of a radio is 
communication system. Numerals from b1 to b12 indi- 
cate numbers allocated to base stations, and base sta- 
tions bl. b5. b7 and bl2 iridicate that the base stations 
use radio waves at the same frequency. In cellular radio 
communications, a method is generally employed in 20 
which a geographic frequency is reused by repeatedly 
using the frequency in radio zones provided at a speci- 
fied distance apart from each other so that utifization 
efficiency of a frequency can be improved. The zones 
(or cells, or base station areas) which use the same fre- 25 
quency are geographically so located that the interfer- 
ence in the same frequency does not cross an allowable 
level. A relation between the distance R and transmis- 
sion loss in free space L (R) is expressed by the equa- 
tion described below (Basics of Mobile 30 
Communications: edited by lEICE). 

L(R) = 10log(4 7cR/X)^ (1) 

Wherein, assuming that a carrier frequency is 5 GHz. L 35 
(R) is as follows: 

L(R) = 46.4 + 20log(R) (2) 

Namely, a channel having the radio wave attenuation 40 
property as shown in the equation (2) is reused at an 
allowable interference level. Therefore, when high- 
speed radio communications are to be realized in cellu- 
lar radio communications, it is important to consider a 
problem on maximum sending power as well as a prob- 45 
lem on reduction of the interference in the same fre- 
quency channel. 

[0003] Especially, when data transfer and radio packet 
transfer are to be realized with cellular mobile communi- 
cations, the interference in the same frequency channel so 
has to be reduced. That is because, when data transfer 
is to be performed, higher line quality is required as 
compared to that for speech data. For example, in a 
PHS system which is actually used, it is required that an 
error rate to speech data transfer is 1 .OE-3 or less, but ss 
an error rate lesser than this Is required for data transfer 
Namely, the fact described above indicates that, when 
the sending power is constant, a ratio of power of the 



desired to undesired waves is required to be made 
larger in the cellular radio communications, which pre- 
vents improvement in the utilization efficiency of a fre- 
quency. In addition, when high-speed data transfer is to 
be performed, a problem such as selective fading due to 
multiple scattered waves noticeatDly comes up, so that it 
is difficult to insure desired line quality. 
[0004] For overcoming those problems, a ceDular 
radio comnuinication system using a directional 
antenna is knovim. It is known that, the directional 
antenna can make a delay spread smaller. Communica- 
tions between a t>ase station and a terminal station, 
what is called point to point communications are exe- 
cuted with a beam antenna by narrowing down the 
directivity of an antenna. Therefore, when a beam is 
ideally provided between two points, interference to 
some other lines may not exist from the view point of 
principles, so that it is possible to execute muttipie com- 
munications by dividing space even if the same sign is 
used at the same frequency as well as at the same time. 
[0005] Rg. 1 5 is a view showing directions in a radio 
communication system having a directional antenna. In 
Fig. 15, the reference numerals bl and b2 indicate base 
stations which use the same frequency respectively, A 
sector antenna having horizontal directivity of 60 degree 
is located in each of the base stations, and the antenna 
of the base station bl covers sector cells (bl-al . b1-a2. 
bl-aS. bl-a4. b1-a5 and b1-a6). while the base station 
b2 covers sector cells (b2-al. b2-a2, b2-a3, b2-a4, b2- 
aS and b2-a6). Terminal stations p1 and p2 are present 
in the sector cell bl -al , a terminal station p3 is present 
in the sector cell b1-a3, and a terminal station p4 is 
present in the sector cell b2-a1 . each of those terminal 
stations has a sector antenna having horizontal directiv- 
ity of 60 degree, and communicates with the base sta- 
tion by using each antenna of the sector cells 
respectively 

[0006] Fig, 16A and Fig. 1 6B show each slot structure 
of frames in the base stations bl and b2 respectively, in 
which the reference numerals U1 to U6 show slots for 
the communication line. 

[0007] Rg. 16A shows how slots are allocated in the 
base station b1 . and shows a situation in which the slot 
U1 is a slot allocated thereto for communications with 
the terminal station p1 positioned in the sector cell bl- 
al . the slot U2 is a slot allocated tiiereto for communica- 
tions with the terminal station p2 positioned in the sector 
cell bl -ai , and the slot U3 is a slot allocated thereto for 
communications with the terminal station p3 positioned 
in the sector cell bl -a3. 

[0008] Fig. 16B shows how slots are allocated in the 
base station b2. and shows a situation in which the slot 
U2 is a slot allocated thereto for communications with 
the terminal station p4 positioned in the sector cell b2- 
a1. 

[0009] (f slots in a frame are randomly allocated, as 
shown in the slot U2 in Rg. 16A and Rg. 16B. there may 
occur a case where some of the sector cells oriented in 
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the same direction of bl-al and b2'al are used at the 
same timing. 

[0010] Fig. 15 shows the case vyrhere sector cells ori- 
ent in the same direction at the same timing like the slot 
U2. Each directional area of the terminal station p4 and 
the base station b1 are shown by a dotted line. There 
are included not only the base station b2 but also the 
base station b1 within the cfirectional area of the termi- 
nal station p4, arxj there is included the terminal station 
p4 within the directional area of the base station b1. 
Therefore, the terminal station p4 easily receives radio 
waves not only from the base station b2 which is a 
desired base station but also from the base station bl 
which is an interference station and shows a state in 
which the interference becomes larger. 
[001 1] As a method of avoiding such a situation, there 
is known a method of changing the allocated slot when 
the interference is large. Fig. 18A and Rg. 18B. similarly 
to Rg. 16A and Fig. 16B. showing a state of how slots 
are allocated in each of the base stations bl and b2. It 
is possible to avoid the antennas from their orienting the 
same direction at the same timing by changing the allo- 
cated slot for the terminal station p4 to the slot U3. 
[001 2) Fig. 17 shows directions of the radio communi- 
cation system in the slot US used by the terminal station 
p4. Each directional area of the terminal station p4 and 
the base station bl are shown by a dotted line. As the 
terminal station p4 is not present within the directional 
area of the base station bl , interference does not occur 
[0013] As some other method to avoid such a prob- 
lem, consideration has been made for channel alloca- 
tion, and there has been proposed, in Japanese Patent 
Laid-open Publication No. HEI 7-193857. a method of 
computing, when one terminal station generates a 
request for communications, directions which interfer- 
ence waves from all the channels may come from as 
well as a direction which a wave from the terminal sta- 
tion comes from, selecting one channel among chan- 
nels in the order that the difference between the 
direction from which each interference wave comes and 
the direction from which the desired wave comes is 
closer to 180 degree, and allocating any channel first 
satisfying the conditions for allocation because large 
interference may occur if sector cells in the same direc- 
tion give the same channel to terminal stations. 
[0014] There is also a method of using the directivity 
within the perpendicular plane of an antenna as a 
method of suppressing the same frequency interference 
derived from repetition of the frequency. 
[001 5] Fig. 19 is a view showing directivity within the 
perpendicular plane of an antenna having a directional 
pattern correlated to each form of a service area 
described in a reference ("Beam antenna formed tor a 
terminal system wideband radio station" by Nomoto. 
Watanabe in Shingaku Giho AP88-42. 1988). 
[0016] In order to reduce interference due to over- 
reach of a frequency to other base station areas using 
the same frequency, a gain close to an elevation angle 



of zero degree drops abruptiy. However, a very large 
antenna aperture is required to form the beam as 
shown in the figure, which brings a problem on cost and 
mountability of the antenna. 

5 [00171 Rg. 20A and Rg. 20B show a relation between 
interference di^ance. height of an antenna, and 
required attenuation angle. Herein, it is assumed that a 
term "overreach** indicates a phenomenon in which 
interference waves reach a base station from a remote 

10 base station using the same frequency, and that a dis- 
tance at which the overreach happens is called as 
"interference di^ance". and a difference between the 
elevation angle of an antenna for which waves will be 
within the base station area and an elevation angle 

75 thereof with which waves will reach a base station area 
existing within an interference distance is called as 
"required attenuation angle". Fig. 20 A shows a relation 
between the interference distance and the required 
attenuation angle assuming that the height of the 

20 antenna in the base station is constant. In the figure, as 
compared to a required attenuation angle 4> when an 
interference distance is D. a required attenuation angle 
<|> ' when the interference distance Is longer indicated by 
D' may be larger, which allows design of an antenna to 

25 be easier. Rg. 20B shows a relation between the inter- 
ference distance and the height of an antenna in the 
base station assuming that the required attenuation 
angle is constant. In the figure, as compared to an 
antenna height h when an interference distance is D. 

30 the antenna height h' when the interference distance is 
longer indicated by D* may be lower, which allows better 
mountability of an antenna. 

[0018] The mobile communication system using the 
conventional type of directional antenna requires obser- 

35 vation of interference which may come from adjacent 
base stations to determine a timing of a slot for activat- 
ing a directional antenna, which takes a long time and 
al^ makes the controls complicated. 
[0019] In order to avoid interference from a remote 

40 tyase station using the same frequency by using direc- 
tivity within the perpendicular plane of an antenna, a 
large antenna aperture as well as a certain height 
required for mounting a high antenna is needed, which 
brings a problem on cost and nnountabiiity of the 

45 antenna. 

SUMMARY Of TH^ |NVgNT|QN 

[0020] In a radio communication system according to 
50 the present invention, a plurality of direction-determin- 
ing patterns have been prepared, a base station selects 
a first direction-determining pattern among the plurafity 
of direction-determining patterns, each base station 
adjacent to the base station selects a direction-deter- 
55 mining pattern different from tiie first direction-determin- 
ing pattern, and each renrx>te base station repeatedly 
uses the first direction<ietermining pattern, so that adja- 
cent base stations avoid using the same antenna direc- 
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tion at the same time. 

[0021] In a radio communication system according to 
the present invention, each of the direction-determining 
patterns has a correlation between a period obtained by 
equally dividing a frame for a communication line k>y a s 
number of directiorhdetermining patterns and each 
antenna direction, and a base station has a means for 
selecting one anrx)ng the direction-determining patterns 
as well as a means for determining an antenna direction 
used for communications with a terminal station and io 
allocates a communication slot used for comnunica- 
tions with a terminal station determined as one using a 
particular antenna direction from slots included in the 
period correlated by the direction-determiring pattern. 
[0022] In a radio communication system according to 75 
the present invention, each of the directiorh-determining 
patterns has a correlation between a timing obtained by 
equaOy dividing a frame for a communication line by a 
number of direction-determining patterns and each 
antenna direction, and a base station has a means for so 
selecting one among the direction-determining patterns 
as well as a means for determining an antenna direction 
used for communications with a terminal station and 
allocates a communication slot used for communica- 
tions with a terminal station determined as one using a 2S 
particular antenna direction from slots each having a 
timing adjacent to the timing correlated by the direction- 
determining pattern. 

[0023] In a radio communication system according to 
the present invention, the fc^se stations has a plurality of 30 
broadcasting channels each for broadcasting common 
information to a terminal station and selects a broad- 
casting channel different from those of adjacent t>ase 
stations so that interference from adjacent base stations 
to the broadcasting channel of the base station can be 3S 
avoided, and by setting a number of tvoadcasting chan- 
nels to be the same as the number of direction-deter- 
mining patterns, the t>ase station selects one anfx)ng the 
direction-determining patterns correlated to the 
selected broadcasting channel. 4o 
[0024] In a radio communication system according to 
the present invention with a directional antenna pro- 
vided in each base station as well as with a means for 
setting a direction of the antenna for each communica- 
tion slot and for repeatedly using radio waves at the 45 
same frequency, a number of directivity segregation is 
set to an integer more than 2, and a base station has a 
means for selecting a directivity segregation number as 
a natural number smaller than the number of directivity 
segregation, each of base stations adjacent to the base so 
station has a means for selecting a directivity segrega- 
tion number different from the first directivity segrega- 
tion number, and each of remote t>ase stations can 
repeatedly select the first directivity segregation 
numt>er; and for the purpose of allocating a oommunica- 55 
tion slot to a terminal station, a base station has a 
means for obtaining sector numbers as natural numt>ers 
into which an angle of a radio wave to a terminal station 



is classified: a means for obtaining, by combining the 
sector number with the directivity segregation nuni>er 
of the base station, allocation-target slots different from 
each other; and a means for allocating slots to terminal 
stations around each of the allocation-target slots. 
[0025] In a radio communication system according to 
the present invention with a directional antenna pro- 
vided in each base station and a means for setting a 
direction of the antenna for each communication slot 
and for repeatedly using radio waves at the same fre- 
quency, a number of directivity segregation is set to an 
integer more than 2. and the base station has a means 
for selecting a directivity segregation number as a natu- 
ral number smaller than the number of directivity segre- 
gation, each of base stations adjacent to the t>ase 
station has a means for selecting a directivity segrega- 
tion number different from the first directivity segrega- 
tion number, and each of remote base stations can 
repeatedly select the first directivity segregation 
number; and for the purpose of allocating a communica- 
tion slot to a terminal station, a base station has a 
means for obtaining allocation-target slots different from 
each other by combining an angle of a radio wave to a 
terminal station with a directivity segregation number of 
the base station; and a means for allocating slots to ter- 
minal stations around each of the allocation-target slots. 
[0026] In a radio communication system according to 
the present invention, the base station has a plurality of 
broadcasting channels for broadcasting common infor- 
mation to terminal stations, and the base station avoids, 
by selecting a broadcasting channel different from those 
of adjacent base stations, interference from the adja- 
cent t>ase stations to the broadcasting channel of the 
base station, and by setting a number of broadcasting 
channels to be the same as the numt>er of directivity 
segregation, the base station selects the directivity seg- 
regation number correlated to. the selected broadcast- 
ing channel. 

[0027] Other objects and features of this invention will 
become apparent from the following description with 
reference to the acconpanylng drawings. . 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0028] 

Fig. 1 shows a cellular sti^ucture using a directional 

antenna according to the present invention. 

Rg. 2 shows a direction -determining pattern table 

according to Emksodiment 1 . 

Ftg. 3A to Fig. 3F show a frame structure using 

direction-determining patterns according to 

Embodiment 1 . 

Fig. 4A to Fig. 4F show a frame structure using 
direction-determining patterns according to 
Embodimem2. 

Rg. 5 shows a cellular structure according to 
EnrtxxJiment 3. 
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Rg. 6A to Fig. 6E show a frame staicture using 
broadcasting channels according to Embodiment 3. 
Rg. 7A to Rg. 7F show a structure of broadcasting 
channels according to Embodiment 3. 
Rg. 8 is a view showing a state of directivity segre* 
gation in t^ase stations according to Emkxxliment 4. 
Rg. 9A and Rg. 9B are views showing a method of 
selecting slots to be allocated according to Embod- 
iment 4. 

Rg. 10A to Rg. 10D are views for explaining corre* 
lation among sector numbers, segregation num- 
bers, and slot numbers. 

Rg. 11 is a flowchart of a method of deciding slots 
to be allocated around an allocation-target slot in a 
flow chart. 

Rg. 12A and Rg. 12B are views showing a method 
of selecting slots to be allocated according to 
Embodiment 5. 

Fig. 13A and Rg. 13B are views showing a method 
of selecting slots to be allocated according to 
Emtxxliment 6. 

Fig. 14 shows a cellar structure based on the con- 
ventional technology. 

Fig. 15 is a view showing directions of the radio 
communication system with the conventional type 
of directional antenna provided therein. 
Rg. 16A and Rg. 16B show a slot structure of a 
frame in the base stations based on the conven- 
tional technology 

Fig. 17 is a view showing directions of the radio 
communication system in slots used by terminal 
stations. 

Fig. 18A and Rg. 18B show a slot structure of a 
frame in the conventional type of base station. 
Fig. 19 is a view showing directivity within the per- 
pendicular of an antenna having a directional pat- 
tern correlated to each form of a service area. 
Fig. 20A and Fig. 20B show a relation between the 
interference distance, height of an antenna, and 
required attenuation angle. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

[0029] Detailed description is nnade hereinafter for 
preferred embodiments of the radio communication sys- 
tem according to the present invention with reference to 
drawings. 

[0030] Fig. 1 is a radio communication system accord- 
ing to the embodiment of the present invention, In the 
figure, the reference numerals b1 to b1 7 represent base 
stations each using the same frequency, frame timings 
for the base stations are synchronized to each other, 
and each of the base stations provides therein a direc- 
tional antenna (sector antenna) having fan-shaped hor- 
izontal directivity and covers a zone arourvJ the base 
station with a plurality of sector antennas (six units 
herein). 



[0031] Rg 1 shows a status of antennas each for a 
certain period or at a certain timing, each shaded sec- 
tion shows a direction of an arrtenna in each of the t>ase 
stations for the period or at ttie timing, and direction of 

5 each antenna is controlled so that each antenna can 
avoid interference from the adjacent cells. 
[0032] Rg. 2A shows directions of the antennas with 
signs (a1 . a2. a3. a4. aS arxJ a6). Rg. 2B shows direc- 
tion-determining patterns used for allocating each com- 

10 munication line with a terminal station thereto. 

[0033] Each of the plurality of direction-determining 
patterris has a correlation between a period or a timing 
(T1 . T2. T3, T4. T5 and T6) and a direction of each 
antenna (a1. a2, a3. a4. a5 and a6). For example, the 

15 pattern 1 correlates each period or timing of T1 , T2, T3. 
T4. T5 and T6 to each of antenna directions a1, a2, a3. 
a4. a5 and a6 respectively. It should be noted that, a 
number of direction-determining patterns is equal to a 
maximum of a number of antenna directions, so that 

20 directions between different direction -determining pat- 
terns are set so that the antennas are not orierrted to the 
same direction for the same period or at the same tim- 
ing. 

[0034] Each terminal station also has a directional 
25 antenna, and can receive a radio wave from a direction 
where a desired base station is located. 
[0035] In addition, each t^ase station can determine a 
direction of each antenna to be used for communica- 
tions with a terminal station by observing a direction 
30 from which a radio wave from the terminal station 
comes. 

[0036] Rg. 3A to Fig. 3F show each slot structure of 
frames for base stations respectively For example. Fig. 
3A shows a case of the base stations b1. b6. b15 and 
35 b1 6 each with the pattern 1 applied thereto, and a slot to 
be used for communications is allocated, when a termi- 
nal station is located in the direction of a1 . from slots 
included in the period of T1 . 

[0037] Similarly, a slot for each of timing T2 to T6 is 
40 allocated to each terminal station located in any of the 
directions a2 to a6. Fig. 3B to Rg. 3F also show each 
slot structure of t^ase stations each using one of the 
other patterns. 

[0038] The base stations b5. b7, bS. b1 1 . b12 and b14 
45 each adjacent to the base station b1 using the pattern 1 
use patterns other than the pattern 1 . which makes the 
patterns different from each other among the adjacent 
t^ase stations, but the base stations b6. b15 and bl6 
remote to the base station bl repeatedly use the same 
50 pattern as that of the base station bi . By controlling the 
patterns so as to be different from each other as 
described above, degradation of communications due 
to interierence can be suppressed. 
[0039] Description In Embodiment 1 has assumed the 
55 periods or timing T1 to T6 as periods each having a 
specified time width, but a timing indicating a time within 
a frame may be used for the periods or timing. Rg. 4A to 
Fig. 4F show each slot structure of frames for base sta- 
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tions respectively. For exanple. Rg. 4A shows a case of 
the base stations b1 . b6. b15 and b16 each with the pat- 
tern 1 applied thereto, and a slot is allocated, when a 
terminal station is located in the direction of a1. from 
slots each having a timing closer to the timing of T1 . $ 
Similarly, slots are allocated in the order of being closer 
to the timing 72 to T6 to terminal stations located in any 
of the antenna directions a2 to a6. Ftg. 4B to Rg. 4F 
also show each slot structure of base stations each 
using one of the other patterns. 
[0040] in this emtxxjiment. a slot is allocated based on 
the timing (71 to 76). so that a number of slots to be 
allocated to each antenna direction is variable depend- 
ing on a calling rate in each direction. When the traffic 
gets concentrated in a certain antenna direction, many is 
slots using the antenna direction are allocated, which 
allows calling loss to be reduced. 
[0041] This case is conceivable to a case where adja- 
cent base stations use the same direction at the same 
timing. In that case, when large interference occurs so 
between slots like that based on the conventional tech- 
nology, the slot to be allocated is changed. 
[0042] Each of the direction-determining patterns 
used in each base station has been fixedly allocated in 
Embodiment 1 or Emtxxjiment 2. but a pattern to be 2S 
used may be decided by observing interference to a 
broadcasting channel. 

[0043] Fig. 5 shows a cellular structure. In Fig. 5. the 
reference numerals b1 . b3. bS. b6, bS, b1 0 and b1 2 indi- 
cate base stations, each of which has a directional 30 
antenna using a radio wave at the same frequency and 
having cfirectivity of six directions. Fig. 5 also shows a 
status of a certain timing, and each shaded section 
shows a direction of each cell at the timing respectively. 
[0044] Fig. 6A to Fig. 6E show is frame structures 35 
each using a broadcasting channel (V ch). Each of the 
broadcasting channels is provided in front of slots (U1, 
U2. • • • , Un) of each communication line in Fig. 6A to 
Fig. 6E. Each of the base stations transmits common 
information such as system information and signals to 40 
the base station used for synchronous capture of termi- 
nal stations by using one of the slots V1 to V6 of the 
broadcasting channels. Fig. 6A shows a frame structure 
when the base station b1 in Fig. 5 uses Vl as a broad- 
casting channel slot arxj also uses the pattern 1 as a 45 
direction-determining pattern. Similarly, Fig. 6B. Fig. 
6C, arxi Fig. 6D show each frame structure for other 
base stations b3. b5. b6, blO and b12 each using a dif- 
ferent pattern respectively. Fig. 7A to Fig. 7F explain 
segregation between broadcasting channels and pat- so 
terns. A number of slots in each broadcasting channel is 
set to the same number of direction-determining pat- 
terns. Herein, tiiere is shown an example in which each 
base station using broadcasting channels VI to V6 uses 
one of the direction-determining patterns 1 to 6. ss 
[0045] Herein, there is assumed a case where the 
base stations other tiian the base station b8 are operat- 
ing in Fig. 5 and the base station b8 is established anew 



and its service is started. At first tiie base station b8 
selects, by observing each slot of broadcasting chan- 
nels, a broadcasting channel receiving less interfer- 
ence. As shown in Rg. 6A to Rg. 6D. the slots VI. V2. 
V5 and V6 are under use. so that K is observed that the 
tjase station t)8 may receive large interference from the 
slots VI . V2. V5 and V6. 7he base station b8 selects, for 
example. V3 as a slot for the broadcasting channel 
receiving less interference. As described above, segre* 
gation of broadcasting channels can be realized among 
base stations by selecting a broadcasting channel 
receiving less interference. 

[0046] 7hen. a direction-determining pattern is 
selected by using a result of segregation of broadcast- 
ing channels. Rg. 6E is a frame structure of the base 
station b8 when the base station b8 having selected the 
slot V3 of the broadcasting channels selects the corre- 
sponding direction-determining pattern 3. The t>ase sta- 
tion b8 uses the direction-determining pattern different 
from patterns in the other peripheral base stations (bl. 
b3. b5, b6. bio and bl2) each using the same fre- 
quency, so that it is avoided to use the same direction at 
the same timing. As described above, a direction-deter- 
mining pattern used for allocating a slot of a communi- 
cation line can be selected according to segregation of 
the broadcasting channels, so tiiat the need for previous 
allocation of a direction-determining pattem to each 
fc>ase station is eliminated. 

[0047] It should be noted that the description in the 
embodiment has assumed a case where an up line arxj 
a down line are separated, but the present invention is 
applicable also to a case where the lines are not sepa- 
rated. 

[0048] The description has also assumed a case 
where there are six sector cells, but it does not matter 
whatever a number of sectors may be. 
[0049] Fig. 8 is a view showing a state of directivity 
segregation in base stations according to Emtxxjiment 
4. It is assumed that frames in all the t^se stations syn- 
chronize to each other. 7his figure shows a case where 
area sen/ices are performed by using a number of rep- 
etition frequencies of N = 7, namely seven frequencies 
of f1 to f7. In the figure, hexagons bl to b13 show an 
area of base stations using the same frequency f1. 
Each number indicated by Seg in the figure shows a 
directivity segregation number The figure assumes a 
case where a number of directivity segregation is 3. and 
each base station has a means for selecting any of 0. 1 , 
or 2 as a directivity segregation nunnber. Each of the 
adjacent base stations using the same frequency can 
select a different directivity segregation number, while 
each of the remote base stations can repeatedly select 
the same directivity segregation number as that of the 
base station. 

[0050] Rg. 9A to Fig. 9B show a method of selecting 
slots to be allocated according to Embodiment 4. Fig. 
9A in the left side shows a method of obtaining an allo- 
cation-target slot from incoming angles of radio waves. 
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and Rg. 9B in the right side shows a method of allocat- 
ing slots around the allocation-target slot. 
[0051] The horizontal axis of Rg. 9A shows Incoming 
angles of radio waves, and each sector number (a1 to 
a6) can be obtained by classifying the angles. For 5 
exanple. incoming radio waves are observed by using 
sector antennas orienting six different directions and 
any antenna number with the highest received electric 
field level n^y be selected as a sector number. 
[0052] Heran. the incoming angle of a radio wave is 
an angle for an up line from a terminal station to a base 
station, which has a relation, in the opposite direction by 
1 80 degrees, with an angle of a radiation radio wave for 
a down line from the base station to the temriinal station. 
Therefore, allocation of slots for the up line and down 
line can be performed in the same manner by trans- 
forming the angle of a radiation radio wave to the oppo- 
site direction by 180 degrees. 

[0053] The vertical axis of Rg. 9A shows slot num- 
bers, and it is assumed that slots in a frame are 
arranged in order from slot No. 1 to slot No. MaxSlnum. 
In Rg. 9A. the solid line indicates t>ase stations with the 
directivity segregation number of 0. the dotted line indi- 
cates base stations with the directivity segregation 
number of 1 . and the dashed line indicates base sta- 
tions with the directivity segregation number of 2. which 
correlates a combination between a sector number and 
a directivity segregation number to an allocation-target 
slot. Namely, if a sector number and a segregation 
number are decided, an allocation-target slot can 
uniquely be decided. It should be noted that this corre- 
lation is decided so that a segregation number and a 
sector number are correlated to target slots different 
from each other. 

[0054] Further, description is made for correlation of a 
sector number as well as a segregation number to a slot 
number with reference to Fig. IDA to Fig. lOD. Rg. 10A 
shows a communication line in one frame. The commu- 
nication line consists of slots from slot number 1 to slot 
number MaxSlnum. 

[0055] The hatch slots in the figure corresporvj to allo- 
cation-target slots (t1 to t6) selected by the processing 
in Fig. 9A. 

[0056] Rg. 1 0B. Rg. 1 0C, Rg. 1 0D show each direction 
of base stations in each time corresponding to the slots 
t1 . t3 and tS respectively. A group of hexagons Is an 
area for base stations using the same frequency, and a 
numeral in each hexagon shows a segregation number 
and an arrow therein shows a direction. For example, 
when viewing Fig. 10B. a base station with a segrega- 
tion number Seg=0 orients a direction of 0 degree, a 
base station with a segregation number Seg=1 orients a 
direction of 120 degrees, and a t^ase station with a seg- 
regation .number Seg=2 orients a direction of 240 
degrees. Those angles correspond to incoming angles 
of radio waves correlated to the slot t1 in Rg. 9A such 
that Seg is 0 when the angle is 0 degree. Seg is 1 when 
the angle is 120 degrees, and Seg is 2 when the angle 



is 240 degrees. Similarly, it is dear that Rg. IOC and 
Rg.lOD also correspond to the slots t3 and tS in Rg. 9A 
respectively. 

[0057] Next description Is made for a method of 
deciding slots to be allocated around the allocation-tar- 
get slot shown in Fig. 98 with reference to the flow chart 
shown in Fig. 1 1 . In Step 1 . an allocation-target slot (tar- 
get) and a number of slots required for allocation (req) 
are obtained. In Step 2. a number of slots having been 
allocated (K). a displacemerrt value from the target slot 
(diff), and a sign of the displacement (sign) are initial- 
ized. In Step 3. it is determined that the processing 
descrlt>ed below is executed only when the numt>er of 
slots having been allocated (K) is snr^Iler that the 
nunnber of required slots (req). in Step 4. an allocation- 
candidate slot number (stnum) is obtained. In Step 5. it 
Is deternnined whether the sinum can be used or not. In 
Step 6. the processing for allocating the allocation-can- 
didate slot number (sInum) is performed and the 
number of slots having been allocated (K) is Incre- 
mented. In Step 7, when a sign of the displacement 
(sign) is 0 or negative, the sign is set to positive and the 
displacement value (diff) is incremerrted. and when the 
sign of the displacement is positive, the sign is set to 
negative. Through the processing as described above, 
slots can be allocated around the allocated slot. As 
some otiier method, there is also considered a method 
of preparing a priority tatDle where high priority Is set to 
an allocated slot as well as to slots around the allocated 
slot and determining whether the slots can be used or 
not In order of the high priority. It should be noted that, it 
is determined whether each slot can be used or not by 
using data such as a slot allocated situation and a situ- 
ation of Interference. 

[0058] As Embodiment 4 has configuration described 
above, directions of antennas at the same timing orient 
in different directions among base stations each having 
a different directivity segregation number. Namely, inter- 
ference can be reduced between adjacent base stations 
that use the same frequency. Further, as the interfer- 
ence distance can be made longer, the aperture area of 
the antenna in a base station can be made smaller and 
the height of the antenna in a base station can be low- 
ered, which is useful for cpst and mountability of the 
antenna. 

[0059] Rg. 1 2A and Fig. 1 28 show a method of select- 
ing slots to be allocated according to Emtxxfiment 5. 
Similarly to Embodiment 4. each base station selects a 
directivity segregation number and obtains a sector 
number from incoming angles of electronic waves. The 
difference Is only in the correlation between sector num- 
bers as well as segregation numbers to allocation-target 
slots. 

[0060] In this emtxxJiment. different target slots to be 
allocated are correlated to segregation nuntbers from 
each otiier without using sector numbers for this corre- 
lation. Namely, the segregation number of Seg=0 is cor- 
related to the slot t1 . tiie segregation number of Seg=1 
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is correlated to the slot t3, and the segregation number 
of Seg=2 is correlated to the slot t5. Through the corre- 
lation described above, the slots to be used can be sep- 
arated by segregation numbers, therefore, interference 
can be reduced tjetween base stations each having a 
different segregation numt>er. 

[0061] However, if a number of slots requested for 
allocation is larger than 1/3 of the v/hole number of 
slots, separation of slots to be used by segregation 
numbers is impossitHe. therefore, this emtxxliment is 
applicatsie only to a case where there is a sufficiently 
smaller amount of communications per t>ase statioa 
[0062] As this embodiment has configuration 
described atx)ve. interference can be reduced among 
adjacent base stations using the same frequency with a 
simple method without obtaining a sector number. 
[0063] Fig. 1 3 A and Fig. 1 3B show a method of select- 
ing slots to be allocated according to Embodiment 6. 
Similarly to Emlxxiiment 4. it is assumed that frames in 
base stations are synchronized to each other, each of 
the adjacent base stations using the same frequency 
selects a different directivity segregation number, and 
each of the renvste base stations repeatedly selects the 
same directivity segregation number In this embodi- 
ment, it is assumed that a base station can obtain 
incoming angles of radio waves. For the purpose of 
obtaining the angle, for example, the base station may 
actually measure an incoming direction of a radio wave 
or may obtain the angle through computation by using a 
position of coordinate values of a terminal station. 
[0064] The horizontal axis of Fig. 1 3 A shows incoming 
angles of radio waves, and the vertical axis thereof 
shows sbt nunt^ers. The solid line indicates base sta- 
tions with the directivity segregation number of 0, the 
dotted line indicates base stations with the directivity 
segregation number of 1. and the dashed line indicates 
base stations with the directivity segregation number of 
2. which correlates a combination between an incoming 
angle of a radio wave and a directivity segregation 
number to an allocation-target slot. Namely, if an incom- 
ing suigle of a radio wave and a segregation number are 
decided, an allocation-target slot can uniquely be 
decided. It should be noted that, this correlation is 
decided so that an incoming angle of a radio wave and 
a sector number are correlated to allocation-target slots 
different from each other. Rg. 13B shows a method of 
deciding slots to be allocated arourKi an allocation-tar- 
get slot, which is the same as Fig. 9B according to 
Embodiment 4. 

[0065] As Embodiment 6 has configuration described 
above, directions of antennas at the same timing orient 
different directions among base stations each having a 
different directivity segregation number. Namely, inter- 
ference can be reduced between adjacent base stations 
that use the same frequency. Further, as the interfer- 
ence distance can be made longer, the aperture area of 
the arrtenna in a k^se station can be made smaller and 
the height of tiie antenna in a base station can be tow- 



ered, which is useful for cost and mountability of the 
antenna. 

[0066] As the present invention has such configuration 
as described above, effects described below can be 
5 obtained. 

[0067] In allocation of a slot in a base station having a 
directional antenna, the base station holds patterns of 
antenna directions and allocates a pattern different from 
that in each of acQacent t>ase stations having the same 
10 frequency to a terminal station, so that the interference 
in the same frequency can be reduced without requiring 
complicated controls. 

[0068] Even when the traffic is concentrated in a cer- 
tain arrtenna direction, calling loss can be avoided by 

75 allocating many slots each using the direction. 

[0069] A direction-determining pattern or a directivity 
segregation number used for allocation of a communi- 
cation line can be selected automatically according to 
segregation of broadcasting channels. 

20 [0070] Among base stations each having a different 
directivity segregation number, directions of antennas at 
the same timing can be changed to directions different 
from each other, therefore, iriterference can be reduced 
between adjacent base stations using the same fre- 

25 quency. 

[0071] As the interference distance can be made 
longer, tiie aperture area of the antenna in a base sta- 
tion can be made smaller, which is useful when the cost 
of the antenna is considered. 
30 [0072] As the interierence distance can be made 
longer, the heght of the antenna in a base station can 
be lowered, which is useful when the mountability of the 
antenna Is considered. 

[0073] This application is based on Japanese patent 
35 applications No. HEI 10-150902 and No. HEI 10- 
312113 filed in the Japanese Patent Office on June 1. 
1998 and Noverri^er 2. 1998. respectively, the entire 
contents of which are hereby incorporated by reference. 
[0074] Although the invention has been described with 
40 respect to a specific embodiment for a complete and 
dear disclosure, the appended claims are not to be thus 
limited but are to be construed as embodying all modifi- 
cations and alternative constructions that may occur to 
one skilled in the art which fairiy fall within the basic 
45 teaching herein set forth. 

Claims 

1. A radio communication system with a directional 
50 antenna provided in each base station (b1 to b17) 
and a means for setting a direction of the antenna 
for each communication slot, said radio communi- 
cation system repeatedly using radio waves at the 
same frequency; wherein a plurality of direction- 
55 determining patterns (pattern 1 to 6) are prepared 
in each base station; a base station (b1) selects a 
first direction-deternriining pattern (pattern 1) 
among the plurality of direction-determining pat- 
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terns; each base station (bS. 57. b8, b1 1 . bl2. b14) 
adjacent to said base station (b1) selects a direc- 
tion-determining pattern different from said first 
direction-deterniining pattern (pattern 1); and each 
remote base station (b6. b15. b16) repeatedly uses 5 
said first direction-determining pattern (pattern 1), 
whereby the adjacent base stations (bS. b7. b8. 
bl 1. bl2, bl4) avoid using the same antenna direc- 
tion at the same time. 

10 

2. A radio conrununication system according to Claim 
1 ; wherein each of said direction-determining pat- 
terns (pattern 1 to 6) has a correlation between a 
period (T1 to 16) otjtained by equally dividing a 
frame for a comnrunication line by a number of is 
direction-determining patterns and each antenna 
direction, and a base station (bl to b17) has a 
means for selecting one among said direction- 
determining patterns as well as a means for deter- 
mining an antenna direction used for communica- 20 
tions with a terminal station and allocates a 
communication slot used for communicatbns with a 
terminal station determined as one using a particu- 
lar antenna direction from slots included in the 
period correlated by the direction-determining pat- 2S 
tern. 

3. A radio communication system according to Claim 
1 : wherein each of said direction-determining pat- 
terns (pattern 1 to 6) has a correlation between a 30 
timing (Tl to T6) obtained by equally dividing a 
frame for a communication line by a number of 
direction-determining patterns and each antenna 
direction, and a base station (bl to b17) has a 
means for selecting one among said direction- 3S 
determining patterns as well as a means for deter- 
mining an antenna direction used for communica- 
tions with a terminal station and allocates a 
communication slot used tor communications with a 
terminal station determined as one using a particu- 40 
lar antenna direction from slots each having a tim- 
ing adjacent to said timing correlated by the 
direction-determining pattern. 

4. A radio communication system according to Claim 45 
1; wherein said base station (b1 to b17) has a plu- 
rality of broadcasting channels for broadcasting 
common information to terminal stations, and said 
base station (bl to bl7) avoids, by selecting a 
broadcasting channel different from those of adja- so 
cent base stations, interference from the adjacent 
base stations to the broadcasting channel of said 
base station, and by setting a number of broadcast- 
ing channels to be the same as the number of direc- 
tion-determining patterns, said base station selects ss 
one among the direction-determining patterns cor- 
related to the selected broadcasting channel. 



5. A rado communication system with a directional 
antenna provided in each base station (bl to b13) 
and a means for setting a direction of the antenna 
for each communication slot, said radio communi- 
cation system repeatedly using radio waves at the 
same frequency: wherein a number of directivity 
segregation (Seg) is set to an integer wore than 2. 
and a base station (bl to bl7) has a means for 
selecting a directivity segregation number as a nat- 
ural number smaller than the number of directivity 
segregation, each of base stations adjacent to the 
base station has a means for selecting a directivity 
segregation nun^er different from the first directiv- 
ity segregation numt>er. and each of remote base 
stations can repeatedly select the first directivity 
segregation number; and 

a base station (bl to bl3) has. for the purpose of 
allocating a communication slot to a terminal sta- 
tion, a means for obtaining sector numt)ers as nat- 
ural numbers into which an angle of a radio wave to 
a terminal station is classified; a means for obtain- 
ing, by combining said sector number with the 
directivity segregation number of said base station, 
allocation-target slots different from each other; and 
a means for allocating slots to terminal stations 
around each of the allocation-target slots. 

6. A radio communication system with a directional 
antenna provided in each base station and a means 
for setting a direction of the antenna for each com- 
munication slot said radio communication system 
repeatedly using radio waves at the same fre- 
quency; wherein a number of directivity segregation 
(Seg) is set to an integer more than 2. and said 
base station (bl to b13) has a means for selecting 
a directivity segregation number as a natural 
number smaller than the number of directivity seg- 
regation, each of base stations adjacent to the base 
station has a means tor selecting a directivity seg- 
regation number different from the first directivity 
segregation number, and each of remote t>ase sta- 
tions can repeatedly select the first directivity seg- 
regation number; and 

a base station (bl to b13) has. for the purpose of 
allocating a communication slot (U1 to Un) to a ter- 
minal station, a means for obtaining allocation-tar- 
get slots (t1 to tS) different from each other by 
combining an angle of a radio wave to a terminal 
station with a directivity segregation nunnber of the 
t^ase station; and a means for allocating slots to ter- 
minal stations around each of the allocation-target 
slots (tl to t6). 

7. A radio communication system according to Claim 
5 or Claim 6: wherein said base station (bl to b13) 
has a plurality of broadcasting channels for broad- 
casting common information to terminal stations, 
and said base station avoids, by selecting a broad- 
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casting channel different from those of adiacent 
base stations, interference from the adjacent base 
stations to the broadcasting channel of said base 
station, and by setting a number of broadcasting 
channels to be the same as the number of directiv- 5 
ity segregation, said base station selects the direc- 
tivity segregation number correlated to the selected 
broadcasting channel. 
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FIG.2A 




FIG.2B 
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FIG.5 
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REPORTING CHANNEL 
VI V2 V3 V4 V5 V6 



FIG. 7 A PATTERN 1 




REPORTING CHANNEL 
VI V2 V3 V4 V5 V6 



FIG.7B PATTERN 2 




REPORTING CHANNEL 
VI V2 V3 V4 V5 V6 



FIG.7G PATTERNS 




REPORTING CHANNEL 
VI V2 V3 V4 V5 V6 



FIG.7D PATTERN 4 




FIG.7E PATTERNS 



REPORTING CHANNEL 
VI V2 V3 V4 V5 V6 



REPORTING CHANNEL 
VI V2 V3 V4 V5 V6 



FIG.7F PATTERNS 




BNSDOCIO: <EP_0963129A2J_> 



17 



EP 0 963 129 A2 



FIG.8 




BNSOOCID: <EP_09e3l29A2_L> 



18 



EP 0 963 129 A2 




BNSOOCID: <EP_0963129A2J.> 



19 



EP 0 963 129 A2 




20 



EP 0 963 129 A2 



FIG. 11 



SLOT ALLOCATION 




ALLOCATION-TARGET SLOT : target 
A NUMBER OF REQUIRED STOTS : req 




slnum=target+sign * diff 




SLOT IS ALLOCATED. 
K=K+1 




diff=diff+1 
sign^ + l 



sign=-1 



Step 1 



Step 2 




Step 5 



Step 6 



Step 7 



BNSOOCIO: <EP_0963129A2J_> 



21 



EP 0 963 129 A2 



FIG.12A 



FIG.12B 



MaxSlnumT- 
SLOT NUMBER 



ALLOCATED 
SLOTS 



Seg=2 



t1 



Seg=1 

t3 <>-"--o o o o o- 

Seg=0 

• • ♦ • • 



—I ALLOCATION. 

TARGET SLOT 
► 



INCON/IING ANGLE 0 
OF RADIO WAVE 



120 



240 



360 

(DEGREE) 



ALLOCATION 
ORDER 



SECTOR NUMBER ^ 



a1 a2 a3 a4 a5 a6 



FIG.13A 



FIG.13B 



▲ SEGREGATION SEGREGATION SEGREGATION 

MaxSlnum number-i number«2 number—o 

^ ' ALLOCATION 



ALLOCATED 
SLOTS 



SLOT NUMBER 



INCOMING ANGLE 
OF RADIO WAVE 




TARGET SLOT 



120 



360 • 

(DEGREE) 



ALLOCATION 
ORDER 



22 



BNSOOCID: <EP_09e3129A2J_> 



EP 0 963 129 A2 




BNSOOCID: <EP__0963129A2_I > 



23 



EP 0 963 129 A2 



FIG.15 




U1 U2 U3 U4 U5 U6 



FIG.16A 



FIG.16B 





bl-al 
(pi) 


bl-al 
(P2) 


b1-a3 
(P3) 
















— ► 






b2-a1 
(P4) 










— ► 



BNSOOaD: <EP_0963129A2.L> 



24 



EP0 963 129 A2 



r 



FIG.17 




U1 U2 U3 U4 US U6 



FIG.18A 



FIG.18B 





bl-al 
(pi) 


b1-a1 
(P2) 


b1-a3 
(P3) 
















— ► 








b2-a1 
(P4) 








— ► 



BNSDOCIO: <EP_0963l29A2J.> 



25 



EP 0 963 129 A2 



m 20 

CD 10 
> 

gc-20 
Q 



-40 



FIG.19 










10- lOlogI fl IdBi 






" nil 

>k ^ ^^^^ 

^ 






i ! i ! t f 1 





0 - 5 -10 -15 -2 0 -25 -30 -35 -40 
ANGLE ^(deg) 



FIG.20A 




D' 



FIG.20B 




26 



Europaisches Patentamt 



9 



(19) 


Q)j) European Patent Office 






Office euroD^en des brevets 


(11) EP 0 963 129 A3 


(12) 


EUROPEAN PATENT APPLICATION 


(88) 


Uaie OT pUuilVallOn r\J. 


(51) Int. CL : nuHVil 7/oo 






(43) 


Date of Dublication A2' 






Utt. 1^1999 Dili Its Un ■999/49 




(21) 








Date of filing : 1 9.02.1 999 






Designated Contracting States: 


(72) Inventors: 




AT BE CH CY DE DK ES R FR GB GR IE IT U LU 


• Kawabata, Takashi 




MC NL PT SE 


Chiyoda-ku, Tokyo 100-8310 (JP) 




Designated Extension States: 


• Mikuni, Yuko 




AL LT LV MK RO SI 


Chiyoda-ku, Tokyo 100-8310 (JP) 






• Moritani, Voichi 


(30) 


Priority: 01 .06.1 998 JP 1 5090298 


Chiyoda-ku, Tokyo 1 00-831 0 (JP) 




02.11.1998 JP 31211398 








(74) Representative: 


(71) 


Applicant: 


Pfenning, Meinig & Partner 




luirrsuBiSHi denki kabushiki kaisha 


Mozartstrasse 17 




Tokyo 100-8310 (JP) 


80336 Munchen (DE) 



(54) Cell layout with concurrent sector and time slot selection 

(57) In a radio communication system repeatedly 
using the same frequency, each base station and termi- 
nal station have directional antennas respectively, and a 
base station has direction-determining pattems for set- . 
ting a direction of an antenna according to a timing, the 
adjacent base stations each using the same frequency 
use different direction-determining patterns from each 
other, and remote base stations repeatedly use the 
same direction-determining patterns. The direction- 
determining pattern has a correlation between a timing 
obtained by equally dividing a frame for a communica- 
tion line by a number of direction-determining patterns 
and each antenna direction, and a communication slot 
is allocated based on a timing decided according to the 
table to a communication line with a terminal station 
positioned at a particular directioii. 



FIG.1 




CO 
< 

04 

CO 
CO 

o> 
o 

LU 

PnTsad Dy Xanm (UK) &jsinessS«nnoe& 
2.16.7/3.6 



BNSOOCtD: <EP 0963129A3 I > 



EP 0 963 129 A3 



> 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



AppDntlon HxMtb&t 

EP 99 10 3293 



DOCUMETfTS CONSIDERED TO BE RELEVANT 




Calagory 


of relevanl pawsatias 


todaim 


CLASSmCAnON OF THE 
APPUCA'nON (InLCLS) 


X 


EP 0 720 405 A (AT & T CORP) 
3 July 1996 (1996-07-03) 

* page 3, line 10 - line 17 * 

* page 7, line 6 - page 8, line 12 ♦ 

* page 10, line 1 - line 26 * 

* abstract; figures 8-12 * 


1-7 


H04Q7/36 


X 


UO 96 37969 A (NOKIA TELECOMMUNICATIONS OY 
;JOLMA PETRI (FI); KESKITALO ILKKA (FI) 
28 November 1996 (1996-11-28) 

* page 5, line 12 - page 8, line 2 ♦ 

* page 12, line 24 - page 13, line 29 * 

* page 15, line 29 - page 16, line 8 * 

* page 17, line 15 - page 18, line 28 * 

* page 19, line 21 - line 34 * 

* abstract; claims 1-10 ♦ 


1-7 




X 


EP 0 444 841 A (MOTOROLA INC) 
4 September 1991 (1991-09-04) 
* column 2, line 18 - line 31 * 


1,2 






* column 3, line 32 - line 47 * 

* column 4, line 15 - line 29 ♦ 




TECHNICAL HELOS 
SEARCHED (bCQ^ 




* abstract * 




H04Q 


A 


UO 97 41705 A (JOHNSON TORBJOERN 
;HAGNUSSON BO G (SE); RADIO DESIGN 
INNOVATION AB) 

6 November 1997 (1997-11-06) 

* page 1, line 31 - page 2, line 3 ♦ 

* page 2, line 32 - page 3, line 6 ♦ 

* page 3, line 28 - page 4, line 26 ♦ 


1-3.5 6 




A 


GB 2 295 524 A (NORTHERN TELECOM LTD) 
29 May 1996 (1996-05-29) 
* the whole document * 


4,7 




The prosant search rsport has been drawn up for ail claims 







THE HAGUE 



17 January 2000 



Coppieters, S 



CATEGORY OF CITEO OOCUMEhfTS 

X : partiaiany retevam if taken alone 

Y : p&nicutarty rel wan t V oo mb i n ed witn another 

dooLmert of the sanw category 
A * tochfi otcuji cp j bAch^round 
O : noo Mitten (£gc1oci^ 
P: 



T : theory or prindp^e undertying the invention 
E : eaHMT pai*nt doeum«nt. but pufaftshed on, o 

after irta fling cate 
D : Oooumam cited in the appOcaikin 
L : documeni cried for other reasons 



& 1 cneniber of the i 



famly. 



BNSDOCID: <EP_09e3l29A3J_> 



2 



EP 0 963 129 A3 



ANNEX TO THE EUROPEAN SEARCH REPORT 

ON EUROPEAN PATENT APPUCAT10N NO. EP 99 10 3293 



This armaz lists tho patant family mamfaars rotating to tha patent dDcumants dtad In ttw afaow»-4rtarrtlonad European saar^ report. 
The ni wnbiws are as contained tn the European Patent Office EOP file on 

The European Patent Office is in no wiay Hable for these particuiars which are merely given for ttie purpose of biformalion. 

17-01-2000 



Patent family 
membeits) 



Pubfication 
(Me 



US 
CA 
JP 



5594720 A 
2162753 A 
8289360 A 



14-01-1997 
28-06-1996 
01-11-1996 



Pslsnl docunwnt 
dtad in seai^ report 



Putsiication 



EP 0720405 



03-07-1996 



uo 


9637969 


A 


28-11-1996 


FX 


952534 A 


25-11-1996 










AU 


707124 B 


01-07-1999 










AU 


5820696 A 


11-12-1996 










CN 


1157067 A 


13-08-1997 










EP 


0772918 A 


14-05-1997 










JP 


10503910 T 


07-04-1998 










NO 


970299 A 


20-03-1997 










US 


5966670 A 


12-10-1999 


EP 


0444841 


A 


04-09-1991 


US 


5185739 A 


09-02-1993 










AT 


129110 T 


15-10-1995 










DE 


69113651 D 


16-11-1995 










DE 


69113651 T 


09-05-1996 



WO 


9741705 


A 


06-11-1997 


AU 


2187997 A 


19-11-1997 










EP 


0893036 A 


27-01-1999 










SE 


9601615 A 


30-10-1997 


6B 


2295524 


A 


29-05-1996 


DE 


69504867 D 


22-10-1998 










DE 


69504867 T 


11-02-1999 










EP 


0795257 A 


17-09-1997 










UO 


9617486 A 


06-06-1996 










JP 


11502378 T 


23-02-1999 



i 

1 

&| 

o 

Si For more details about this annex :see Official *Joufnal of the European Patent Office, No. 12/82 



